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EXECUTIVE SUMMARY 
 
This project was completed as part of a task agreements awarded by the National Park Service (NPS), 
Lake Mead National Recreation Area (LAME), to the Public Lands Institute (PLI) at the University 
of Nevada, Las Vegas (UNLV).  This final report was completed under a task agreement ending on 
September 30, 2006, and was completed in support of an NPS project funded by the Southern Nevada 
Public Lands Management Act (PLMA) to inventory and monitor shoreline and near-shore natural 
resources on Lakes Mead and Mohave (DOI  2005).  This report details inventory and monitoring 
efforts on shoreline and aquatic bird species between March 2004 and August 2006.  Major efforts 
completed on this project included: 
 
 Intensive monitoring of 7 sites during 184 surveys on Lakes Mead and Mohave;  
 Inventory of an additional 5 sites on these lakes during 15 surveys; 
 A total of 93 aquatic or shoreline bird species documented within LAME; 88 on Lake Mead 
and 45 on Lake Mohave; 
 A total of 67,670 individual aquatic birds and raptors tallied; 58,032 on Lake Mead and 9,638 
on Lake Mohave. 
 
INTRODUCTION 
 
 Lake Mead was created after the completion of Hoover Dam in 1936 as the Colorado River 
filled the reservoir formed behind the dam.  At its maximum elevation (1,221 feet), the lake covers a 
total of 157,900 acres of surface area with 700 miles of shoreline.  In turn, the construction of Davis 
Dam in 1953 created Lake Mohave, which covers a total of 28,260 acres with 250 miles of shoreline 
that stretches back to Hoover Dam.  The two lakes together comprise about 186,000 acres of the 
approximately 1.5 million acres of the Lake Mead National Recreation Area (LAME), which 
routinely draws more than 7 million visitors annually (Fig. 1).  Lake Mead is fed by the Colorado 
River as it channels through the Grand Canyon, along with the lesser inflows of the Virgin and 
Muddy Rivers at the north end of the Overton Arm, and treated effluent from urban development in 
Las Vegas Valley as it flows through Las Vegas Wash.  Lake Mohave, by contrast, is completely 
dependent on the cold tail waters from Hoover Dam as water is released from the depths of Lake 
Mead.   
  
 The Lake Mead reservoir fluctuates widely over time (Figs. 2, 4, 5) as the U.S. Bureau of 
Reclamation (USBOR) sends water downstream to provide irrigation for farming in southern 
California and Arizona and to provide drinking water for the millions of residents in southern 
Nevada, California, and Arizona.  The wide variations can alter the nature of, and significantly 
increase or decrease, the available shoreline habitat of aquatic birds.  The level of Lake Mohave is 
kept within a tighter range, usually no more than a 9 foot variation in a given year, and it follows a 
predictable pattern from season to season and year to year (Fig. 3). 
  
 The nature of the Colorado River, and the aquatic bird species it can support, has changed 
dramatically since the creation of these lakes (Rosenberg 1991).  The two reservoirs have altered 140 
river miles of habitat.  These reservoirs are now an important stopover for migrating birds along the 
Pacific and Intermountain Flyways as they pass through the arid lands of the Southwest (Brown et al. 
2000).  The river historically contained an unusually large sediment load and underwent minimum 
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flows during the winter months and annual flooding between mid-May and early July.  The extreme 
flooding resulted in scouring that prevented the establishment of most riparian vegetation (Rosenberg 
1991).  After the impoundment of the reservoirs, the lakes now present large amounts of open water 
that have produced more favorable habitat for many aquatic birds, while becoming unsuitable for 
many historical breeding birds that formerly used the riparian vegetation along the main channel (e.g., 
Yellow-billed Cuckoos, Southwest Willow Flycatchers, Bell’s Vireos).  The primary beneficiaries 
have been the diving birds (grebes, coots, pelicans, etc.) and waterfowl (ducks and geese); neither of 
these general types was known to exist on the Lower Colorado River in large numbers prior to the 
dams (Grinnell 1914; Rosenberg 1991).  
  
 The Program for Regional and International Shorebird Monitoring (PRISM) provides a 
blueprint for developing and implementing monitoring projects for shorebird conservation plans and 
is based in part on the U.S. Shorebird Conservation Plan (Brown et al. 2000; Bart and Morrison 
2002).  The goals of PRISM are to estimate the breeding populations of the 74 shorebird taxa in North 
America, describe their distributions, monitor population trends, monitor numbers at stopover 
locations, and assist local managers in meeting shorebird conservation goals (Bart and Morrison 
2002).  The aquatic bird inventory and monitoring project at LAME is of high potential value because 
of the stopover by birds migrating on the Pacific and Intermountain Flyways (Rosenberg 1991).  Bird 
inventory and monitoring over time can show changes in species composition, richness, and diversity, 
as well as the importance of these habitats to specific bird populations.     
  
 The project described herein was associated with a much larger and on-going lake 
management project under the Southern Nevada Public Land Management Act – Water 2025 
Initiative: Preventing Crises and Conflicts in the West (DOI 2005).  This initiative was designed to 
provide a baseline of limnological and shoreline natural resources in order to establish standards for 
long-term protection of the lakes and associated shoreline habitats.  Management and conservation 
planning requires information on inflow areas at the Virgin and Muddy Rivers and Las Vegas Wash.  
Currently the Las Vegas Wash is the major outflow for increasing urban wastewaters from the Las 
Vegas Valley, and plans are underway to substantially increase wastewater flows from urban 
developments in Mesquite, Nevada, and southwestern Utah along the Virgin River system.  
 
Project Goals 
 
Prior to March 2004, no structured inventory or monitoring surveys of aquatic and shoreline 
birds had been conducted within LAME.  This project constituted an initial effort to develop baseline 
data on species diversity, abundance, and monthly composition of the aquatic and shoreline birds 
using Lakes Mead and Mohave; an effort similar to the winter aquatic bird surveys conducted on 
Lake Powell (Spence 1998).  Intensive monthly inventory and monitoring surveys were conducted at 
4 locations on Lake Mead and 3 locations on Lake Mohave representing high-use bird sites.  
Additional inventories at several other locations were conducted as a method to determine other high-
use areas that may merit regular monitoring.  The information presented herein represents a detailed 
summary of information gathered during these initial efforts and presents recommendations for future 
efforts.  
 
METHODS 
 
 For this project, aquatic and shoreline birds were defined as the members of all families from 
Gaviidae through Anatidae and from Rallidae through Laridae (1998 AOU sequence).  Also included 
were raptors (Accipitridae and Falconidae) and kingfishers (Alcedinidae), since they are either tied 
directly to the lake habitat or strongly influence aquatic bird species that routinely use the lakes.  
Observations of peregrine falcons and bald eagles made during this project were included in this 
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report, although specific research and monitoring efforts are also conducted for these species at 
LAME and reported elsewhere.  Intensive monitoring locations (Fig. 1) were selected to represent 
areas of high aquatic bird activity and were mainly identified in the first month of the study by taking 
a fixed-wing observational flight over the lakes and by conducting site visits of suspected high quality 
areas.  The Grand Wash and Willow Beach sites were added later as bird presence was better 
understood.  Bonelli Bay, Devils Cove, Fire Mountain Cove, and Sheep Trail Cove were all surveyed 
at least one time to evaluate aquatic bird usage.  Surveys were conducted once per month on the 4 
intensively monitored sites on Lake Mead and the 3 intensively monitored sites on Lake Mohave 
(Fig. 1); the exception being Grand Wash which was initially prohibitive because of the high travel 
time to visit the site and because of access problems in the summer of 2005 caused by the repeated 
wash-out of access roads.   
  
 The surveys were conducted by traveling the targeted shoreline by boat or kayak and 
counting all aquatic birds and raptors within the designated areas, both onshore and in the 
surrounding body of water.  All birds were tallied and identified to species whenever possible.  When 
poor visibility, adverse weather conditions, rapidly moving birds, or other problems with 
identification were encountered, birds were identified to the narrowest category possible while still 
keeping the highest degree of certainty (e.g. Clark’s/western grebe unidentified, teal unidentified, 
sandpiper unidentified, etc.).  Large rafts of ducks, grebes, and American coots were sometimes 
encountered and their numbers had to be visually estimated, otherwise direct counts were made.  A 
special problem arose with the positive identification of Clark’s and western grebes in the first several 
months of the project.  These are sympatric species of nearly equal morphology and plumage that 
were not identified as separate species until 1985 by the American Ornithological Union 
(Nuechterlein and Buitron 1989).  At first, when observed at a distance these birds were all simply 
identified as “Clark’s/western grebe.”  As more experience was gained in identification of these 
species, identification to species was made for as many individuals as possible.  Nevertheless, when 
present in large numbers, or when viewed from a great distance, uncertainty remained and these birds 
were identified to the combined category.   
 
 At least one experienced bird observer conducted each survey, and great care was taken to be 
sure to tally at least 95% of all birds at a site.  Surveys were usually started within two hours after 
sunrise; however many exceptions to this were encountered throughout the project.  This was 
unavoidable when multiple surveys were conducted in one day, but the time of day is not known to 
greatly affect counts of aquatic birds.  The time required to conduct each survey was dependent on the 
numbers and diversity of birds at the site.   
 
For summary purposes, each species was assigned to a bird guild based on systematic 
similarity and/or feeding strategy.  The bird guilds were defined as: Aerialists (gull, terns, jaegers), 
Divers (grebes, loons, coots, pelicans), Marshbirds (rails, sora, moorhen, bitterns), Raptors (eagles, 
falcons, hawks), Shorebirds (avocets, plovers, sandpipers, etc.), Waders (egrets, herons), and 
Waterfowl (ducks, geese).  Observations of each species or guild include number, sex/maturity when 
possible, habitat utilization, and behavior.  Weather conditions, time, and lake levels were recorded 
for each survey period. 
 
 All data were entered into a database (Microsoft Office Access 2003) developed by a UNLV 
data management specialist.  Data were quality assured/checked following NPS standards (Palmer 
and Landis 2002).  In general for the quality check, about 13% (26 of 205) of the data sheets were 
selected randomly and checked for errors.  Five data fields were found to contain mistyped data (and 
were corrected) but no errors were found in species identification or numbers counted.  All data have 
also been sent to the Great Basin Bird Observatory (GBBO) as a contribution to its Nevada Aquatic 
Bird Count.  The GBBO Aquatic Bird Count is meant to document the distribution and relative 
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abundance of aquatic bird species residing and migrating throughout Nevada.  The raw data are 
available to the public in the GBBO database (available at: http://www.gbbo.org). 
   
 Species richness measurements were used to document species diversity at individual sites.  
Species richness is simply a complete count of all species documented at a site during a given survey 
(Krebs 1989).  The mean value of the species richness for each survey was determined for all sites 
during each year and the range of species richness counts has been given. 
 
RESULTS AND DISCUSSION 
  
A species list of all aquatic birds and raptors observed within LAME during this project is 
provided in Appendix 1.  A total of 93 species, accounting for 67,670 individuals, were observed 
during the survey period of March 2004 through August 2006 (Tables 1-3).  Lake Mead accounted for 
88 of these species (Table 1) and 58,032 of the individuals, and Lake Mohave accounted for 45 
species (Table 2) and 9,638 of the individuals recorded. The Divers were by far the most abundant 
bird guild recorded in LAME with about 58% of the total individuals, with Waterfowl accounting for 
the second most common type of bird at 24% of all detections (Table 3).   
 
American coots were by far the most abundant species on Lake Mohave (78% of all 
detections on this lake), followed distantly by mallards, ring-billed gulls, double-crested cormorants, 
and black-necked stilts.  These 5 bird species combined to account for roughly 90% of all 
observations on Lake Mohave.  The most common species on Lake Mead were, in order of 
abundance, Clark’s/western grebes, American coots, ruddy ducks, ring-billed gulls, eared grebes, 
green-winged teal, northern shovelers, and American avocets.  Clark’s/western grebes and American 
coots accounted for 45% of all detections, while the 8 most common species accounted for 72% of 
the total for Lake Mead.   
 
 Three new species were documented in LAME during this study, including an incidental 
sighting of a spotted redshank along the Overton Arm of Lake Mead, a reddish egret at Las Vegas 
Bay, and a ruddy shelduck in the Virgin River Basin (likely being an escaped exotic from a local 
farm).  Several rare species for the area were documented during the surveys, mostly turning up in 
Las Vegas Bay.  Rare species sightings included: a group of 30 juvenile brown pelicans (in July 
2004), a juvenile parasitic jaeger (in Sep. 2004), 7 juvenile Sabine’s gulls (in Oct. 2004), 5 Franklin’s 
gulls (in May 2005), a single juvenile brown pelican and 4 juvenile black terns (in Aug. 2006), and a 
group of 12 Baird’s sandpipers (in Aug. 2006).   
 
Site Considerations 
 
 This report covers 199 aquatic bird surveys within LAME during the study period.  During 
this time, 104 surveys were conducted at the 4 intensively monitored sites on Lake Mead, and 80 
surveys at the 3 intensively monitored sites on Lake Mohave.  Fifteen surveys were conducted at 5 
other sites in an effort to discover other areas of high aquatic bird concentrations.  The surveyed area 
at each site ranged from approximately 1,243 acres at Grand Wash to only 53 acres at Willow Beach, 
excluding the highly variable Virgin River Basin site discussed below, which has ranged from 170 to 
47 acres (Table 4). 
 
Lake Mohave Site Considerations 
 
 Arizona and Nevada Bays are wide open bays on Lake Mohave to the north of Cottonwood 
Basin (Fig. 1).  These sites do not have any significant nutritive inflow and both have fairly static 
shorelines within the narrow range of yearly fluctuation of Lake Mohave (Fig. 3).  Both sites provide 
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some protection from the strong northerly and southerly winds that frequently blow in this area, and 
so appear somewhat attractive to visiting aquatic birds. 
 
 The Willow Beach site in Black Canyon would not normally be considered prime aquatic 
bird habitat.  This site is tucked within the tall cliffs of Black Canyon and surrounds the Willow 
Beach Marina and Willow Beach Fish Hatchery.  The flowing water from the bottom of Hoover Dam 
upstream provides a year-round cool water temperature that may be favorable to many aquatic birds 
during the hot summer months.  Human use also appears to positively influence bird abundance in 
this area.  Mallards, in particular, easily become accustomed to human presence and willingly take 
food offerings from well meaning visitors around the marina, to the point of becoming dependent on 
such supplemental food sources.  Cormorants and diving ducks are especially attracted to the constant 
release of water from the hatchery.  This water has been used as an open circulating system for the 
fish ponds within the hatchery and contains a high amount of organic and nutritive matter that appears 
to attract fish and birds.    
  
Lake Mead Site Considerations 
 
The Las Vegas Bay and Virgin River Basin sites are both heavily impacted by silt deposition.  
These areas are also highly variable resulting from the unstable water levels of Lake Mead (Figs. 4 & 
5).  In the summer of 2004, the Las Vegas Bay site consisted of 155 acres of open water and 
shoreline; by March 2005 it opened up to 192 acres after several flash floods and a rising lake level.  
Presently this site is at a low of 103 acres of survey area (Fig. 4; Table 4).  The wash “delta” is a well 
protected, shallow water bay that appears to be favorable for many types of aquatic birds.  Las Vegas 
Wash flows all year into this bay and, while it provides constant nutrient inflow and a steady 
movement of water through the system, the flow is also the source of large amounts of urban runoff 
and treated effluent.   
  
 The Virgin River Basin receives much more silt deposition from the Virgin River than does 
Las Vegas Bay, due to the much larger drainage area of the Virgin River.  Nevertheless, surface flow 
of the Virgin River often ceases to reach Lake Mead in the summer months, and at these times all silt 
transport stops at the delta area where it accumulates rapidly.  In the summer of 2004, the site covered 
92 acres with a lake level of 1,126 feet (Table 4).  The basin gradually filled in until January 2005 
when it quickly opened up after several major storm events in the winter of 2004-2005 (Fig. 5).  At 
that time, the lake level was about 1,135 feet above sea level and the site encompassed 170 acres.  
Afterwards, it silted in significantly before clearing out moderately in March 2006. The site was then 
roughly 51 acres and the lake stood at 1,139 feet (Fig. 5).  As of August 2006, with a lake level of 
1,127 feet, the shoreline reached its farthest point south (over 1,600 m south of the high point in 
January 2005) and the site now only covers 47 acres.  
  
 The Muddy River Basin is a large, shallow bay just to the north of Overton Marina, which 
receives year-long inflow of fresh water from the Muddy River to the north.  This site sits in a wide 
basin that has been historically known to be regularly visited by large numbers of aquatic birds.  
Currently the volume of the Muddy River is not typically great enough to approach the sediment 
dumping of the nearby Virgin River or even Las Vegas Wash, and thus this site does not see the wide 
variation in surface area seen at the Virgin River Basin and Las Vegas Bay sites. 
 
 The Grand Wash site comprises essentially a closed-off lake that was created as Lake Mead 
receded in the spring of 2000.  This site is much larger than all of the other survey sites.  The Grand 
Wash is now a well protected lake that provides suitable habitat for large numbers of aquatic birds.  It 
does not receive a large nutrient inflow, as do the three delta sites on Lake Mead, but large storm 
events do send periodic pulses of fresh water and nutrients from as far away as the Virgin Mountains 
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and Shivwits Plateau.  This remote site receives little human disturbance and is valuable as a 
comparative site to the other highly visited sites of Las Vegas Bay, Virgin River Basin, and the 
Muddy River Basin.     
 
Species Diversity 
 
 Lake Mohave is characterized by much less diversity of aquatic bird species in comparison 
with Lake Mead (Figs. 6-11; Tables 5-6).  Lake Mohave averaged 5-6 species for each survey 
throughout the survey period, while on Lake Mead the average number of species observed during a 
survey ranged from almost 13 species at the Virgin River Basin to just over 20 species per survey at 
Grand Wash (Tables 6).   
 
To date, species richness numbers do not tend to follow a recognizable seasonal pattern on 
Lake Mohave (Figs. 6, 8, 10), however some degree of seasonality appears on some Lake Mead sites 
(Figs. 7, 9, 11).  The Virgin River Basin site shows the highest species richness variability.  At this 
site, species richness drops during the summer months, but, as discussed earlier, this site has several 
factors impacting it that are not directly tied to immediate climatic variability.  Species composition 
and abundance are two factors that change widely throughout the year at all sites and both need to be 
taken into account along with diversity when measuring trends within these systems; something we 
have not yet attempted.  The spatial size of each site varies widely through time, and in relation to one 
another, (Table 4) which likely influenced diversity and the number of individuals at each site. 
 
Abundance on Lake Mohave 
  
 Arizona and Nevada Bays on Lake Mohave follow similar patterns for large numbers of 
Divers (primarily American coots) during winter months (Figs. 12-17).  The coots have tended to 
arrive by October and remain in large numbers until they depart for northern breeding grounds in 
March and April.  The abundance graphs of these two sites are very similar except for a spike in 
Aerialists at Arizona Bay in November 2004, which resulted specifically from a group of 285 ring-
billed gulls that apparently used the site as a temporary resting point.  Aquatic birds are almost 
completely absent from both sites during the summer months of May through August. 
  
 Willow Beach has a much larger waterfowl component than either Arizona or Nevada Bays, 
with much higher numbers of birds using the site during the summer months (Figs. 18-20).  As 
mentioned in the site description, this site is heavily influenced by human activities.  Besides the 
direct feeding of mallards at the marina, there is a large amount of indirect feeding of double-crested 
cormorants and diving ducks from the outflow of water and a partially exposed fish containment 
boom at the fish hatchery.  Willow Beach attracts a higher number of migrating waterfowl transients 
during the cooler months and had significant numbers of shorebirds stop by during the 2005 and 2006 
spring migrations.  Except for a few aberrant individuals, these transients usually do not stay in the 
area for long. 
 
 Two miscellaneous sites on Lake Mohave, Fire Mountain Cove and Sheep Trail Cove, were 
surveyed in April and May, 2004 (Table 7).  Low numbers of aquatic birds were documented at both 
sites; however a single Franklin’s gull was observed with a large group of Forster’s terns at Sheep 
Trail Cove.  Since Lake Mohave tends to support low numbers of aquatic birds in the summer the 
sites may merit future fall or winter visits to better judge their value.     
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Abundance on Lake Mead 
 
 Las Vegas Bay on Lake Mead tends to attract many rare and transient species into the area 
(e.g. brown pelicans, a parasitic jaeger, Sabine’s gulls, and a reddish egret).  Divers tend to be found 
here throughout the year but with diminishing numbers during the summer months (Figs. 21-23).  
Waterfowl tend to arrive in large numbers by November and stay through February.  Shorebirds are 
present in small numbers throughout the year, but mainly during the spring migrations of March 
through May. 
  
 The Muddy River Basin did not show high abundance numbers as expected during the fall 
and winter of 2004 (Fig. 24), possibly due to rapidly rising lake levels in late 2004 which submerged 
large areas of emergent vegetation.  The high spike in waterfowl in January 2005 (Fig. 25) may 
actually have been a result of the drowned shoreline vegetation, which provided shelter for large 
numbers of American wigeons, scaups, and gadwalls.  The site contained large numbers of waterfowl 
and divers in late 2005, followed by another unexpected and unexplained drop in all species’ numbers 
in January through March 2006 (Figs. 25-26).  Corresponding with their usual migration north and 
south, shorebirds have been found in large numbers in April and August 2004, and again in August 
2006 (Figs. 24, 26). 
  
 The Virgin River Basin site is environmentally dynamic, which likely contributes greatly to 
large fluctuations in species abundance and diversity.  Large, temporary sand bars and mud flats seem 
to provide initially good habitat for shorebirds and dabbling ducks; however, as more silt is deposited, 
and the lake recedes farther, the land dries and tall vegetation quickly colonizes the area decreasing 
the value for shorebirds and waterfowl.  Conversely, the rapidly rising lake levels in the winters of 
2004 and 2005 (Figs. 2, 5) provided vast expanses of open water which seemed favorable for large 
numbers of waterfowl and divers (Figs. 27, 29).  The Virgin River began flowing strongly from 
January to May 2005 (Fig. 5), cutting a deep, open channel nearly a mile inland that provided quality 
foraging habitat for large numbers of waterfowl (Fig. 28).  A strong river flow in March 2006, 
combined with a higher lake level, opened up the bay again and large numbers of divers and 
shorebirds took advantage of the situation (Fig. 29).  The Virgin River flow and lake level have both 
been dropping since this past spring (2006) and the shoreline now juts well south of its old 
boundaries, effectively filling in the basin and rendering it less suitable for aquatic birds (Figs. 5, 29). 
  
 Grand Wash site supports large numbers of waterfowl and divers during the winter months 
(Figs. 30-32).  The numbers of common mergansers, Clark’s/western grebes, American coots, and 
green-winged teal were documented in vast quantities during the winter of 2005-2006 (Figs. 31-32).  
The water level of this site appears somewhat independent of Lake Mead, but its degree of change 
was not measured during this project.  The author (J.B.) has observed the water level to be steadily 
decreasing, and this may have something to do with the low number of birds in the spring and 
summer of 2006 (Fig. 32).  This site is now being surveyed more frequently in the hopes of 
establishing better seasonal patterns of aquatic bird use. 
 
 Bonelli Bay is a site that has received limited, periodic monitoring throughout the study 
period (Fig. 33).  The survey in December 2005 resulted in impressive counts of waterfowl, divers, 
and aerialists but otherwise this site has shown low numbers of aquatic bird use.  Several local 
residents and hunters have communicated to this author (J.B.) that the area once harbored large 
numbers of waterfowl.  Although the information is anecdotal, it seems plausible that the high lake 
levels prior to the year 2000 (Fig. 2) may have provided more suitable habitat for aquatic birds.  
  
 Of the two other sites visited on Lake Mead, Devils Cove showed some promise on a 
September 2004 visit; however, the falling lake levels, the continuing silt deposition by the Colorado 
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River in this area, and an abundance of driftwood accumulation in the cove have greatly diminished 
this site’s value to aquatic birds, as seen in the December 2004 survey (Table 7).  A single survey in 
April 2005 at Sandy Cove, and the open water surrounding this cove, resulted in an impressive 
number of western and eared grebes (Table 7).  These birds were congregating in the basin and diving 
repeatedly for food.  This site is a very high traffic area for motorized watercraft, but the birds seem 
to become accustomed to the ongoing disturbance.  Subsequent informal visits by the author (J.B.) 
have shown similarly large numbers of grebes in the late spring/early summer of 2006.  This site 
merits future surveys, although the wide open nature of the site presents some difficulties for the 
observer.         
 
RECOMMENDATIONS 
 
 In recent years, the elevation (lake level) of Lake Mead has fluctuated widely over time, 
which has resulted in dramatic changes to associated shallow water surface area and shoreline 
vegetation.  This in turn has greatly altered available habitat for aquatic and shoreline birds.  These 
variations in lake level can be greater than 20 feet in a six month period (e.g. September 2004 to 
March 2005), and this extreme variability in lake level is likely to continue into the foreseeable 
future.  In addition to the current changes in physical and environmental conditions associated with 
lake level, the Virgin and Muddy River Basins and Las Vegas Bay will all be affected by changes in 
inflow rate and volume resulting from proposed upstream development and new wastewater facilities.  
According to results of this inventory and monitoring study, these sites are all important areas that 
maintain high aquatic bird abundance and diversity throughout the year.    
 
 The Las Vegas Bay can be expected to continue its dynamic environmental changes.  The 
current runoff into Las Vegas Bay is primarily composed of treated effluent and urban runoff.  The 
list of biocontaminants contains mercury, PCBs, pharmaceuticals, volatile organic compounds, 
perchlorate, and various pesticides.  The Southern Nevada Water Authority has proposed to bypass 
the Las Vegas Wash by piping effluent for deposition into the middle of Boulder Basin possibly by 
2011, which will likely result in a substantial decrease in the volume of water and nutrients reaching 
the bay and delta via the wash.  In turn, the decreased flows may alter the value of the bay and delta 
to aquatic and shoreline birds.  Current environment and water quality conditions are not well 
understood within this dynamic system, nor are their impacts on birdlife. 
 
 Both the Muddy River and Virgin River Basin sites are likely to experience increased flow in 
the future as proposed upstream development progresses in northern Clark County, Nevada, and 
Washington County, Utah.  Large amounts of additional treated effluent will likely enter the Muddy 
and Virgin Rivers from newly proposed wastewater treatment plants, which may result in canalization 
of the water courses and alteration of the environmental dynamics of these delta areas within Lake 
Mead (e.g. possibly mimicking conditions in the spring of 2005).  Significant changes in flows over 
time may impact delta areas in other ways, such as changing water chemistry or depositing silt farther 
out in the bays and causing the bays to become shallower and warmer.  The increased development 
and corresponding increase of treated effluent and urban runoff will also undoubtedly raise levels of 
biocontamination.  As above, current environment conditions within these dynamic systems and their 
impact on birdlife are not well understood; seemingly, this is a requirement for understanding the 
impact of future changes.  A better understanding of these processes may provide some interpretation 
to the unexpected fluctuations in the early winter of 2004 and late winter of 2006 and to future events 
of this nature that may occur at these sites. 
 
The impacts of changes in siltation, water nutrient loads, water quality, water depth and 
temperature, and shoreline characteristics and vegetation will continue to create highly dynamic 
systems within the delta regions of Lake Mead.  These deltas are also popular with recreational users, 
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primarily fishermen, and personal watercraft users.  The study reported herein has documented the 
importance of these areas to the aquatic and shoreline birdlife within LAME; however, understanding 
species use and abundance in relationship to an environmentally and temporally dynamic system 
requires extended data sets over numerous years.  It is important to monitor these sites long enough to 
accurately determine changes in birdlife and to associate these changes to current and future 
environmental fluctuations, or long-term trends, while factoring seasonal migration patterns.  We 
recommend continued monitoring of aquatic and shoreline birds over an extended period of numerous 
years focusing on the delta regions of Lake Mead.  The goal of this monitoring would be to attempt to 
model species-use in association with seasonal variation and environmental factors within these 
dynamic systems.   
 
Continued monitoring of the Grand Wash is also recommended.  The Grand Wash represents 
an area with little human disturbance.  This lake has been essentially closed off from Lake Mead 
(Colorado River) since the spring of 2000.  As mentioned above, the Grand Wash does receive 
periodic pulses of fresh runoff water and nutrients during storm events, but it does not appear that 
these events have resulted in overflows into Lake Mead.  The ground water connection with the 
Colorado River is also not understood by the author (J.B.), but fluctuations in the water level at this 
site have been noted with an overall decline in the lake level since the beginning of the project (no 
readings have been taken).  No water quality studies of this site are known to this author, nor has the 
depth or water temperature been recorded up to the present time.  Because this site is mostly enclosed, 
the water chemistry and related factors are likely under fluctuation.  Continued monitoring of this site 
is recommended, with added analysis of environmental conditions, water level, and water quality to 
be taken in conjunction with the bird surveys. 
  
 The sites monitored on Lake Mohave have not proven to be high in aquatic bird diversity, and 
abundance is mostly limited to the winter months with the arrival of American coots on their 
wintering grounds.  With the exception of Willow Beach, personal observation and anecdotal 
evidence does not point toward these sites being highly impacted by recreational users.  The author 
(J.B.) recommends dropping the Arizona Bay and Nevada Bay sites and focusing on shorter-term 
inventories of other sites on Lake Mohave during prime migration periods (possibly in the Katherine 
Landing area and Cottonwood Basin) in order to obtain a broader assessment of aquatic bird diversity 
on the lake.   
 
Also recommended is that the Willow Beach site (or another site nearby) continue to be 
surveyed for several more years to develop a better measure of seasonal species diversity and 
abundance.  The proposal to pipe effluent directly into Boulder Basin has raised concerns that 
downstream waters of Lake Mohave will be impacted.  The location of Willow Beach site within 
Black Canyon should render it more immediately vulnerable to any adverse downstream effects from 
the dumping of effluent in Boulder Basin.  This is a very high human impact site since it surrounds 
the Willow Beach Marina and Willow Beach Fish Hatchery.  This site does not normally tally large 
numbers of aquatic birds, but it does support a surprising amount of species diversity at times and 
many rare or casual migrants tend to spend time here in the winter and spring months.     
 
The findings of this project have already been proven to be valuable.  The Lahontan Audubon 
Society relied heavily on the data generated from this study when it designated Lake Mead as an 
Important Bird Area (IBA) in 2005 (McIvor 2005).  The Lake Mead IBA is one of 37 IBAs in 
Nevada which were selected on the basis of (1) being a site important to species of concern in 
Nevada, (2) harboring an assemblage of species restricted to a unique or threatened natural 
community, or (3) being a site where significant congregations of birds occur.  The IBA Program is 
worldwide in scope, with more than 7,000 sites in nearly 170 nations, and the IBA designation for 
Lake Mead identifies it as a critical landscape for special conservation and educational purposes. 
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Figure 1. Aquatic bird survey sites within Lake Mead National Recreation Area, March 2004-
Septebmer 2006.  Underlined sites (also indicated by red dots) are intensively monitored sites 
surveyed monthly.  Sites visited on a limited basis as an exploratory effort are labeled in plain text 
(also indicated by green dots). 
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Figure 2. The elevation of Lake Mead, January 1996-August 2006, in feet above sea level (USBOR 
2006).  The red portion of the graph represents the aquatic bird survey period. 
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Figure 3. The elevation of Lake Mohave, January 1996-August 2006, in feet above sea level 
(USBOR 2006).  The red portion of the graph represents the aquatic bird survey period. 
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Figure 4. Aerial photograph of the Las Vegas Bay site, taken in the summer of 2004, by the U.S. 
Geological Survey.  The lake level at the time of the photograph was approximately 1,126 feet of 
elevation.  The blue dashed line represents the approximate shoreline on March 16, 2005 (lake level 
1,146 feet) after several major rain events that winter.  The green dashed line represents the 
approximate shoreline on August 16, 2006, lake level 1,127 feet.     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 13
 
 
Figure 5. Aerial photograph of the Virgin River Basin site, taken in the summer of 2004, by the U.S. 
Geological Survey.  The lake level at the time of the photograph was approximately 1,126 feet of 
elevation.  The blue dashed line represents the approximate shoreline on January 29, 2005 (lake level 
1,135 feet) after several major rain events that winter.  The red dashed line represents the approximate 
shoreline as of March 30, 2006, lake level 1,139 feet.  The green dashed line represents the 
approximate shoreline on August 17, 2006, lake level 1,127 feet. 
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Figure 6. Comparison of aquatic bird species richness on the three intensively monitored Lake 
Mohave survey sites, 2004.  All zero values indicate that a survey was not conducted at that site that 
month. 
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Figure 7. Comparison of aquatic bird species richness on the four intensively monitored Lake Mead 
survey sites, 2004.  All zero values indicate that a survey was not conducted at that site that month. 
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Figure 8. Comparison of aquatic bird species richness on the three intensively monitored Lake 
Mohave survey sites, 2005.  All zero values indicate that a survey was not conducted at that site that 
month. 
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Figure 9. Comparison of aquatic bird species richness on the four intensively monitored Lake Mead 
survey sites, 2005.  All zero values indicate that a survey was not conducted at that site that month. 
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Figure 10. Comparison of aquatic bird species richness on the three intensively monitored Lake 
Mohave survey sites, 2006.  The zero value for Willow Beach in January indicates no survey was 
conducted.  A survey was conducted at Arizona Bay in July but no aquatic birds were encountered. 
September survey data not included. 
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Figure 11. Comparison of aquatic bird species richness on the four intensively monitored Lake Mead 
survey sites, 2006.  Las Vegas Bay was not surveyed in February. September survey data not 
included. 
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Figure 12. Arizona Bay, Lake Mohave accumulative aquatic bird survey results, 2004.  Results 
tallied by bird guild. 
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Figure 13. Arizona Bay, Lake Mohave accumulative aquatic bird survey results, 2005.  Results 
tallied by bird guild. 
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Figure 14. Arizona Bay, Lake Mohave accumulative aquatic bird survey results, 2006.  Results 
tallied by bird guild. 
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Figure 15. Nevada Bay, Lake Mohave accumulative aquatic bird survey results, 2004.  Results 
tallied by bird guild. 
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Figure 16. Nevada Bay, Lake Mohave accumulative aquatic bird survey results, 2005.  Results 
tallied by bird guild. 
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Figure 17. Nevada Bay, Lake Mohave accumulative aquatic bird survey results, 2006.  Results 
tallied by bird guild. 
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Figure 18. Willow Beach, Lake Mohave accumulative aquatic bird survey results, 2004.  Results 
tallied by bird guild. 
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Figure 19. Willow Beach, Lake Mohave accumulative aquatic bird survey results, 2005.  Results 
tallied by bird guild. 
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Figure 20. Willow Beach, Lake Mohave accumulative aquatic bird survey results, 2006.  Results 
tallied by bird guild. 
 
 
 
Las Vegas Bay:  2004
0
200
400
600
800
1000
1200
3/1
1/0
4
3/2
4/0
4
4/2
1/0
4
6/1
0/0
4
7/1
6/0
4
8/2
0/0
4
9/1
7/0
4
10
/5/
04
10
/22
/04
11
/29
/04
Survey Date
Nu
m
be
rs
waterfowl
wader
shorebird
raptor
diver
aerialist
 
Figure 21. Las Vegas Bay, Lake Mead accumulative aquatic bird survey results, 2004.  Results 
tallied by guild.  The survey on October 5, 2004, was not a complete survey and was intended to 
verify the presence of the rare migrant, Sabine’s gull, and the remaining juvenile brown pelicans 
remaining from a group of 30 individuals which arrived in July. 
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Figure 22. Las Vegas Bay, Lake Mead accumulative aquatic bird survey results, 2005.  Results 
tallied by bird guild. 
 
 
Las Vegas Bay:  2006
0
200
400
600
800
1000
1200
1400
1/2
7/0
6
3/1
/06
3/2
7/0
6
4/6
/06
5/4
/06
6/2
8/0
6
7/2
0/0
6
8/1
6/0
6
Survey Date
Nu
m
be
rs
waterfowl
wader
shorebird
raptor
diver
aerialist
 
Figure 23. Las Vegas Bay, Lake Mead accumulative aquatic bird survey results, 2006.  Results 
tallied by bird guild. 
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Figure 24. Muddy River Basin, Lake Mead accumulative aquatic bird survey results, 2004. 
Results tallied by bird guild. 
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Figure 25. Muddy River Basin, Lake Mead accumulative aquatic bird survey results, 2005. 
Results tallied by bird guild. 
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Figure 26. Muddy River Basin, Lake Mead accumulative aquatic bird survey results, 2006. 
Results tallied by bird guild. 
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Figure 27. Virgin River Basin, Lake Mead accumulative aquatic bird survey results, 2004.  Results 
tallied by bird guild. 
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Figure 28. Virgin River Basin, Lake Mead accumulative aquatic bird survey results, 2005. 
Results tallied by bird guild. 
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Figure 29. Virgin River Basin, Lake Mead accumulative aquatic bird survey results, 2006. 
Results tallied by bird guild. 
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Figure 30. Grand Wash, Lake Mead accumulative aquatic bird survey results, 2004.  Results 
tallied by bird guild. 
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Figure 31. Grand Wash, Lake Mead accumulative aquatic bird survey results, 2005.  Results tallied 
by bird guild. 
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Figure 32. Grand Wash, Lake Mead accumulative aquatic bird survey results, 2006.  Results 
tallied by bird guild. 
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Figure 33. Bonelli Bay, Lake Mead accumulative aquatic bird survey results, 2004-2006.  Results 
tallied by bird guild. 
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Table 1. Species list for Lake Mead, listed by bird guild. 
 
Lake Mead: 88 species   
     
Aerialists: 13 species  Raptors: 8 species  Waders: 6 species 
Belted Kingfisher  American Kestrel  Black-crowned Night-Heron 
Black Tern  Bald Eagle  Cattle Egret 
Bonaparte's Gull  Northern Harrier  Great Blue Heron 
California Gull  Osprey  Great Egret 
Caspian Tern  Peregrine Falcon  Reddish Egret 
Common Tern  Red-tailed Hawk  Snowy Egret 
Forster's Tern  Sharp-shinned Hawk   
Franklin's Gull  Swainson’s Hawk  Waterfowl: 24 species 
Herring Gull    American Wigeon 
Parasitic Jaeger  Shorebirds: 23 species  Blue-winged Teal 
Ring-billed Gull  American Avocet  Bufflehead 
Sabine's Gull  Baird's Sandpiper  Canada Goose 
Western Gull  Black-necked Stilt  Canvasback 
  Dunlin  Cinnamon Teal 
Divers: 10 species  Greater Yellowlegs  Common Goldeneye 
American Coot  Killdeer  Common Merganser 
American White Pelican  Least Sandpiper  Gadwall 
Brown Pelican  Lesser Yellowlegs  Greater Scaup 
Clark's Grebe  Long-billed Curlew  Green-winged Teal 
Common Loon  Long-billed Dowitcher  Lesser Scaup 
Double-crested Cormorant  Marbled Godwit  Mallard 
Eared Grebe  Red-necked Phalarope  Northern Pintail 
Horned Grebe  Sanderling  Northern Shoveler 
Pied-billed Grebe  Semipalmated Plover  Red-breasted Merganser 
Western Grebe  Snowy Plover  Redhead 
  Spotted Redshank  Ring-necked Duck 
Marshbirds: 4 species  Spotted Sandpiper  Ross's Goose 
Common Moorhen  Western Sandpiper  Ruddy Duck 
Least Bittern  Whimbrel  Ruddy Shelduck 
Sora  White-faced Ibis  Snow Goose 
Virginia Rail  Willet  Tundra Swan 
  Wilson's Phalarope  Wood Duck 
  Wilson's Snipe   
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Table 2. Species list for Lake Mohave, listed by bird guild. 
 
Lake Mohave:  45 species    
     
Aerialists: 7 species  Raptors: 6 species  Waterfowl: 13 species 
Belted Kingfisher  American Kestrel  Bufflehead 
California Gull  Bald Eagle  Cinnamon Teal 
Common Tern  Great Horned Owl  Common Goldeneye 
Forster's Tern  Long-eared Owl  Common Merganser 
Franklin's Gull  Osprey  Green-winged Teal 
Ring-billed Gull  Red-tailed Hawk  Hooded Merganser 
Western Gull    Lesser Scaup 
  Shorebirds: 6 species  Mallard 
Divers: 8 species  American Avocet  Northern Shoveler 
American Coot  Black-necked Stilt  Red-breasted Merganser 
Brown Pelican  Killdeer  Redhead 
Common Loon  Long-billed Curlew  Ruddy Duck 
Double-crested Cormorant  Spotted Sandpiper  Wood Duck 
Eared Grebe  White-faced Ibis   
Horned Grebe     
Pied-billed Grebe  Waders: 5 species   
Western Grebe  
Black-crowned Night-
Heron   
  Great Blue Heron   
Marshbirds: 0 individuals  Great Egret   
  Green Heron   
  Snowy Egret   
 
 
 
 
Table 3. Summary of birds recorded, Lake Mead National Recreation Area Aquatic Bird 
Survey, March 2004-August 2006.   
   
Guild Lake Mead Lake Mohave Totals 
Diver 31,266 7,963 39,229 
Waterfowl 15,656 717 16,373 
Aerialist 5,910 493 6,403 
Shorebird 4,281 326 4,607 
Wader 748 110 858 
Raptor 150 29 179 
Marshbird 21 0 21 
Totals 58,032 9,638 67,670 
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Table 4. Area of each aquatic bird survey site in Lake Mead National Recreation Area, as 
determined by aerial photographs in the summer of 2004, lake elevation about 1,126 feet. 
 
Lake Mead Sites Area (acres) Lake Mohave Sites Area (acres) 
Bonelli Bay 289 Arizona Bay 128 
Devils Cove 96 Fire Mountain Cove 61 
Grand Wash 1,243 Nevada Bay 241 
Las Vegas Bay 155* Sheep Trail Cove 15 
Muddy River Basin 421 Willow Beach 53 
Sandy Cove 253   
Virgin River Basin 92**     
  *Area has ranged from 192 to 103 acres. 
**Area has ranged from 170 to 47 acres. 
 
 
 
 
Table 5.  Comparison of average yearly species richness by site on Lake Mohave.  The 
overall average richness is calculated by averaging each site’s richness for all surveys 
throughout the project.  The range of species richness indicates the minimum and maximum 
species richness values observed at each site during surveys. 
 
Species Richness  Arizona Bay Nevada Bay Willow Beach 
2004 Average Richness 5.00 5.56 6.38 
2005 Average Richness 5.50 5.10 6.33 
2006 Average Richness 5.13 4.25 7.43 
Overall Average Richness 5.21 4.97 6.71 
Range of Species Richness 0-9 1-9 3-11 
 
 
 
Table 6.  Comparison of average yearly species richness by site on Lake Mead.  The overall 
average richness is calculated by averaging each site’s richness for all surveys throughout the 
project.  The range of species richness indicates the minimum and maximum species richness 
values observed at each site during surveys. 
 
Species Richness  
Grand  
Wash 
Las Vegas 
Bay 
Muddy River 
Basin 
Virgin River 
Basin 
2004 Average Richness 15.67 13.38 17.25 12.50 
2005 Average Richness 26.17 20.55 16.55 13.64 
2006 Average Richness 19.25 20.14 16.00 12.13 
Overall Average Richness 20.36 18.02 16.60 12.75 
Range of Species Richness 10-32 9-30 9-26 5-22 
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Table 7. Results of miscellaneous survey sites in Lake Mead National Recreation Area. 
 
Site Name Date Species Number 
Fire Mountain Cove 4/16/2004 American coot 19 
  American kestrel 1 
  cinnamon teal 2 
    mallard 1 
Sandy Cove 4/21/2005 Clark's grebe 30 
  eared grebe 500 
    western grebe 2,300 
Devils Cove 9/22/2004 Clark's grebe 16 
  Clark's/western grebe 45 
  double-crested cormorant 17 
  ruddy duck 1 
    western grebe 28 
Devils Cove 12/21/2004 great blue heron 1 
  ring-billed gull 14 
    western grebe 1 
Sheep Trail Cove 5/4/2005 black-necked stilt 25 
  California gull 2 
  Forster's tern 74 
  Franklin's gull 1 
    ring-billed gull 8 
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APPENDIX 1 
 
Bird list generated from the Aquatic Bird Monitoring Project 
Lake Mead National Recreation Area, March 2004-August 2006. 
 
Common Name Scientific Name Species Group
American Avocet Recurvirostra americana Shorebird 
American Coot Fulica americana Diver 
American Kestrel Falco sparverius Raptor 
American White Pelican Pelecanus erythrorhynchos Diver 
American Wigeon Anas americana Waterfowl 
Baird's Sandpiper Calidris bairdii Shorebird 
Bald Eagle Haliaeetus leucocephalus Raptor 
Belted Kingfisher Ceryle alcyon Aerialist 
Black-crowned Night-Heron Nycticorax nycticorax Wader 
Black-necked Stilt Himantopus mexicanus Shorebird 
Black Tern Chlidonias niger Aerialist 
Blue-winged Teal Anas discors Waterfowl 
Bonaparte's Gull Larus philadelphia Aerialist 
Brown Pelican Pelecanus occidentalis Diver 
Bufflehead Bucephala albeola Waterfowl 
California Gull Larus californicus Aerialist 
Canada Goose Branta canadensis Waterfowl 
Canvasback Aythya valisineria Waterfowl 
Caspian Tern Sterna caspia Aerialist 
Cattle Egret Bubulcus ibis Wader 
Cinnamon Teal Anas cyanoptera Waterfowl 
Clark's Grebe Aechmophorus clarkii Diver 
Common Goldeneye Bucephala clangula Waterfowl 
Common Loon Gavia immer Diver 
Common Merganser Mergus merganser Waterfowl 
Common Moorhen Gallinula chloropus Marshbird 
Common Tern Sterna hirundo Aerialist 
Cooper's Hawk Accipiter cooperii Raptor 
Double-crested Cormorant Phalacrocorax auritus Diver 
Dunlin Calidris alpina Shorebird 
Eared Grebe Podiceps nigricollis Diver 
Forster's Tern Sterna forsteri Aerialist 
Franklin's Gull Larus pipixcan Aerialist 
Gadwall Anas strepera Waterfowl 
Great Blue Heron Ardea herodias Wader 
Great Egret Ardea alba Wader 
Great Horned Owl Bubo virginianus Raptor 
Greater Scaup Aythya marila Waterfowl 
Greater Yellowlegs Tringa melanoleuca Shorebird 
Green Heron Butorides virescens Wader 
Green-winged Teal Anas crecca Waterfowl 
Herring Gull Larus argentatus Aerialist 
Hooded Merganser Lophodytes cucullatus Waterfowl 
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Common Name Scientific Name Species Group
Horned Grebe Podiceps auritus Diver 
Killdeer Charadrius vociferus Shorebird 
Least Bittern Ixobrychus exilis Marshbird 
Least Sandpiper Calidris minutilla Shorebird 
Lesser Scaup Aythya affinis Waterfowl 
Lesser Yellowlegs Tringa flavipes Shorebird 
Long-billed Curlew Numenius americanus Shorebird 
Long-billed Dowitcher Limnodromus scolopaceus Shorebird 
Long-eared Owl Asio otus Raptor 
Mallard Anas platyrhynchos Waterfowl 
Marbled Godwit Limosa fedoa Shorebird 
Northern Harrier Circus cyaneus Raptor 
Northern Pintail Anas acuta Waterfowl 
Northern Shoveler Anas clypeata Waterfowl 
Osprey Pandion haliaetus Raptor 
Parasitic Jaeger Stercorarius parasiticus Aerialist 
Peregrine Falcon Falco Peregrinus Raptor 
Pied-billed Grebe Podilymbus podiceps Diver 
Red-breasted Merganser Mergus serrator Waterfowl 
Red-necked Phalarope Phalaropus lobatus Shorebird 
Red-tailed Hawk Buteo jamaicensis Raptor 
Reddish Egret Egretta rufescens Wader 
Redhead Aythya americana Waterfowl 
Ring-billed Gull Larus delawarensis Aerialist 
Ring-necked Duck Aythya collaris Waterfowl 
Ross's Goose Chen rossii Waterfowl 
Ruddy Duck Oxyura jamaicensis Waterfowl 
Ruddy Shelduck Tadorna ferruginea Waterfowl 
Sabine's Gull Xema sabini Aerialist 
Sanderling Calidris alba Shorebird 
Semipalmated Plover Charadrius semipalmatus Shorebird 
Sharp-shinned Hawk Accipiter striatus Raptor 
Snow Goose Chen caerulescens Waterfowl 
Snowy Egret Egretta thula Wader 
Snowy Plover Charadrius alexandrinus Shorebird 
Sora Porzana carolina Marshbird 
Spotted Redshank Tringa erythropus Shorebird 
Spotted Sandpiper Actitis macularia Shorebird 
Swainson’s Hawk Buteo swainsoni Raptor 
Tundra Swan Cygnus columbianus Waterfowl 
Virginia Rail Rallus limicola Marshbird 
Western Grebe Aechmophorus occidentalis Diver 
Western Gull Larus occidentalis Aerialist 
Western Sandpiper Calidris mauri Shorebird 
Whimbrel Numenius phaeopus Shorebird 
White-faced Ibis Plegadis chihi Shorebird 
Willet Catoptrophorus semipalmatus Shorebird 
Wilson's Phalarope Phalaropus tricolor Shorebird 
Wilson's Snipe Gallinago delicata Shorebird 
Wood Duck Aix sponsa Waterfowl 
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APPENDIX 2 
 
Aquatic bird survey form used on Lake Mead National Recreation Area 
monitoring and inventory project, March 2004-August 2006. 
 
                                               Aquatic Bird Survey Form 3/06  
Surveyors: Location: 
Date:  Start Time: Site 
Comments: 
 
Temperature: Stop Time:  
Wind Speed   Lake 
Elevation: 
Sky 
Code 
   
0-5mph  15-20mph clear/few 
clouds 
 fog 
5-10mph  20-30mph partly 
cloudy/variable 
 drizzle 
10-15mph  30-40mph cloudy/overcast  showers 
Species  Number S/M Habitat Behavior Comments 
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
       
       
       
 
 
Habitat:  R=riparian; DW=deep water/main channel; SW=shallow water/bay; NV=nearshore-live vegetation; 
NVD=nearshore-drowned vegetation; NS=nearshore; ON=onshore 
Behavior:  BEG=begging; CAL=calling; COR=courtship; DIV=diving; FLO=flyover; FOR=foraging;   
HNT=hunting; PER=perching; PF=parental feeding; RO=reacting to observer; RR=reacting to 
recreational users; RES=resting; SWI=swimming 
Sex/Maturity:  M=male; F=female; A=adult; J=juvenile; U=unknown 
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